The objective of this study was to evaluate the health benefits of plants used in Thai food, specifically Acacia pennata Willd., in Alzheimer's prevention. A. pennata twigs strongly inhibited -amyloid aggregation. Bioactivity-guided separation of the active fractions yielded six known compounds, tetracosane (1), 1-(heptyloxy)-octadecane (2), methyl tridecanoate (3), arborinone (4), confertamide A (5) and 4-hydroxy-1-methyl-pyrrolidin-2-carboxylic acid (6). The structures were determined by spectroscopic analysis. Biological testing revealed that tetracosane (1) was the most potent inhibitor of -amyloid aggregation, followed by 1-(heptyloxy)-octadecane (2) with IC 50 values of 0.4 and 12.3 M. Methyl tridecanoate (3), arborinone (4) and 4-hydroxy-1-methyl-pyrrolidin-2carboxylic acid (6) moderately inhibited -amyloid aggregation. In addition, tetracosane (1) and methyl tridecanoate (3) weakly inhibited acetylcholinesterase (AChE). These results suggested that the effect of A. pennata on Alzheimer's disease was likely due to the inhibition of -amyloid aggregation. Thus A. pennata may be beneficial for Alzheimer's prevention.
Alzheimer's disease (AD) is the most prevalent neurodegenerative disease, affecting the quality of life in elderly patients by gradually decreasing their cognitive abilities [1] . Therapeutic strategies for the treatment of AD are currently based on disease pathogenesis in AD patients. The accumulation of -amyloid, the main constituent of neuritic plaques in the brain of AD patients, plays an important role in the pathogenesis of AD [2] . In addition to the accumulation of -amyloid, tau hyperphosphorylation, oxidative stress, inflammation, and neuron loss are known to influence neurodegeneration in AD [3] . Drug design and development for AD is focused on i) inhibitors of -amyloid aggregation (antiaggregant), ii) inhibitors of -amyloid production (-and -secretase inhibitors, -secretase modulators and -secretase activators), iii) inhibitors of -amyloid-induced neurotoxicity (anti-inflammatory and antioxidant agents), iv) inhibitors of A-induced neurotransmitter effects (cholinesterase inhibitors and N-methyl-D-aspartate antagonists), and v) inhibitors of tau-induced neurotoxicity (tau antiaggregants, glycogen synthase kinase-3 enzyme inhibitors) [2] . Most researchers seek to prevent AD through one of the above mechanisms, rather than seeking an effective treatment [4] . In recent years, plants used in food have received increasing attention in AD, as they exhibit various biological activities related to AD, including antioxidant, acetylcholinesterase (AChE) inhibition, cognition and behavior modulation, and neuroprotection [5] [6] [7] .
Acacia pennata Willd., also called Cha om (family: Fabaceae), is a stinking vegetable distributed throughout Thailand. Its twigs are commonly used in Thai cuisine. A. pennata is used in many regions of India to treat body pain (seed oil), snake bites and scorpion stings (bark paste), indigestion in infants (mixture of leaf extract and milk), and diarrhea (decoction of stem bark) [8] [9] [10] . A. pennata leaves have several biological activities, including anti-inflammatory [11] , antifungal [12] , anti-cancer effects via Hedgehog/GLI signaling [13] , -glucosidase and -amylase inhibition [14] , antioxidant [15] , anti-mutagenic [16] , and antiherpes simplex virus type 1 [17] activities. A single phytochemical study of A. pennata leaves reported on the isolation of taepeenin D, (+)-drim-8-ene, quercetin-3-O--D-glucopyranosyl-4-O--Dglucopyranoside, labdanolic acid, and 8,15-labdanediol [13] . Our ongoing studies to determine the health benefits of Thai food plants by evaluating antioxidant and anti-inflammatory activity, and the effects on -amyloid aggregation and AChE inhibition have shown that A. pennata inhibits -amyloid aggregation. Thus, in this study, we used bioactivity-guided separation to isolate the active compounds in the twigs. The isolated compounds were then tested for their ability to prevent AD via inhibition of -amyloid aggregation and AChE inhibitory, and antioxidant activity.
Preliminary biological assays indicated that the n-hexane extract exhibited the strongest inhibition of -amyloid aggregation and the hexane and CH 2 Cl 2 extracts displayed distinct positive AChE spots. Thus, these fractions were further separated. In this study, both TLC and microplate assays were used to determine AChE inhibitory activity. The microplate assay was done in aqueous solution, and was therefore unsuitable for non-polar compounds, whereas the TLC method could simultaneously evaluate both non-polar and polar compounds [18] .
Bioactivity-guided separation yielded four known compounds, tetracosane (1), 1-(heptyloxy)-octadecane (2), methyl tridecanoate (3), and arborinone (4) from the hexane extract; confertamide A (5) from the CH 2 Cl 2 extract; and 4-hydroxy-1-methyl-pyrrolidin-2carboxylic acid (6) from the methanol extract. The structures of the isolated compounds were determined using spectroscopic methods and compared with previous reports [19] [20] [21] [22] [23] [24] . The compound structures are shown in Figure 1 . This is the first report showing the isolation of these compounds from A. pennata. The obtained compounds were different from those obtained in a previous study, which reported the isolation of taepeenin D, (
labdanolic acid, and 8,15-labdanediol from the polar methanol extract of A. pennata [13] . The isolated compounds were previously reported in other plants. Tetracosane (1) was isolated from Acrostichum aureum [19] , arborinone (4) from Lingnania chungii [22] , confertamide A (5) from Thladiantha dubia [25] , and 4-hydroxy-1-methyl-pyrrolidin-2-carboxylic acid (6) from Toddalia aculeata (Rutaceae), Croton gubouga (Euphorbiaceae), Afromosia elata (Fabaceae), Copaifara (Fabaceae) and the red alga Chondria coerulescens [24, 26] .
All compounds were evaluated for their ability to inhibit -amyloid aggregation and AChE (Table 1) . Tetracosane (1) strongly inhibited -amyloid aggregation, with an IC 50 of 0.4 M, which is approximately 2-fold higher than the positive control curcumin (0.8 M). However, it weakly inhibited AChE. 1-(Heptyloxy)octadecane (2) moderately inhibited -amyloid aggregation (IC 50  12.3 M), whereas methyl tridecanoate (3) weakly inhibited -amyloid aggregation and AChE activity. Additionally, arborinone (4) moderately inhibited -amyloid aggregation, and weakly inhibited AChE. Confertamide A (5) had no effect on -amyloid aggregation and weakly inhibited AChE. Finally, 4-hydroxy-1methyl-pyrrolidin-2-carboxylic acid (6) , which was isolated from the methanol extract, weakly inhibited -amyloid aggregation and AChE activity. All the isolated compounds exhibited weak antioxidant activity. Previous reports have shown that tetracosane (1) was cytotoxic to AGS, MDA-MB-231 and MCF-7 cells [19] , whereas 4-hydroxy-1-methyl-pyrrolidin-2-carboxylic acid (6) stimulated oviposition activity in tropical butterflies [26] . However, no mention of the effect on -amyloid aggregation and AChE were made. These findings are the first observation on the effect of compounds 1-6 on -amyloid aggregation and AChE.
Several -amyloid aggregation inhibitors have been isolated from plants, including Congo red, curcumin, indole derivatives, kaempferol, quercetin, resveratrol and bis-styrylbenzene derivatives [27, 28] . The structure activity relationship (SAR) of -amyloid aggregation inhibitors are not completely understood. Reinke and Gestwicki showed that the key features of curcumin were the two aromatic groups on both ends, the hydroxyl substitution on these aromatic rings, and the optimum length (8-10 Å) and flexibility of the linker region [29] . Additionally, thiazolidine derivatives contained a thiazolidine moiety, which was the key feature [30] . The long, hydrophobic, aliphatic hydrocarbon side chain of alphatocopherol quinone was reported to interact with the hydrophobic region of -amyloid 42 via hydrophobic interactions [3] , which may be the possible mechanism of tetracosane (1), 1-(heptyloxy)octadecane (2) and methyl tridecanoate (3) interactions.
Various AChE inhibitors have been isolated from plants and fungi, including alkaloids, coumarins, xanthones, terpenoids, and flavonoids [31] . The SAR of AChE inhibitors has been reported.
Several key structures have been proposed for each group of compounds. For example, it has been proposed that the positively charged nitrogen of alkaloids and amines binds to an anionic sub site, which is located at the bottom of the active site, via -cation interactions [31, 32] . The phenolic OH groups of flavonoids are also important in binding to anionic subsites of AChE via strong hydrogen bonds [33] , whereas monoterpenoid-mediated AChE inhibition is likely due to steric obstruction at the entrance of the gorge by the - interactions of their double bonds with aromatic rings of the amino acid residues [32, 34] . All the isolated compounds weakly inhibited AChE activity, which could be due to lack of the above mentioned key structures, which are needed for this activity.
In conclusion, the present study demonstrated that A. pennata inhibits -amyloid aggregation. Bioactivity-guided separation of the active fractions yielded six known compounds. Two promising -amyloid aggregation inhibitors (1, 2) were isolated. Tetracosane (1) exhibited potent inhibition of -amyloid aggregation (IC 50  0.4 M), whereas 1-(heptyloxy)-octadecane (2) showed moderate inhibition (IC 50  12.3 M). These findings suggest that A. pennata has potential in the prevention of AD, via the inhibition of -amyloid aggregation.
Experimental
General experimental procedures: UV and IR spectra were measured on Shimadzu UV-2600 and FT-IR Nicolet 6700 spectrometers, respectively. The NMR spectra were recorded in 
Extraction and isolation:
The dried twigs (1 kg) of A. pennata were ground into a coarse powder and successively extracted with nhexane, CH 2 Cl 2 , EtOAc and MeOH using a Soxhlet apparatus. Biological screening indicated that the hexane and CH 2 Cl 2 extracts inhibited -amyloid aggregation. The hexane extract (13.95 g) was separated by flash CC using silica gel and eluted with a mixture of solvents with increasing polarity (hexane, hexane-CH 2 Cl 2 , CH 2 Cl 2 , CH 2 Cl 2 -EtOAc, EtOAc, EtOAc-MeOH and MeOH) to obtain 8 fractions. Fraction AP-H 1-1 (hexane-CH 2 Cl 2 100:0 to 50:50) was further purified to obtain compound 1 (0.0990 g). Fraction AP-H 1-4 (hexane-CH 2 Cl 2 25:75 to 0:100) was separated by normal-phase preparative HPLC (mobile phase: isocratic elution 100% CH 2 Cl 2 over 70 min, flow rate = 2 mL/min, detection at 238 nm) to yield 9 fractions. Compound 2 (0.0196 g) was obtained from fraction AP-H 1-4-3. Fraction AP-H 1-4-6 was further separated by normal-phase preparative HPLC using same conditions described above to obtain compound 3 (0.0088 g). Fraction AP-H 1-5 (CH 2 Cl 2 -EtOAc 100:0 to 90:10) was subjected to silica gel CC eluted with a mixture of solvents with increasing polarity, as described above, to obtain 12 fractions. Fraction AP-H 1-5-5 (hexane-CH 2 Cl 2 20:80 to 0:100) was further separated by normal-phase preparative HPLC under the conditions described above to obtain 14 fractions. Fractions AP-H 1-5-5-10 and AP-H 1-5-5-11 were combined and separated by normal-phase preparative HPLC using the conditions above to yield compound 4 (0.0091 g) from fraction AP-H 1-5-5-10-6. The CH 2 Cl 2 extract (9.22 g) was separated by silica gel flash CC and eluted with a mixture of solvents with increasing polarity to yield 17 fractions. Thioflavin T assay: Inhibition of -amyloid aggregation was assayed using the Thioflavin T assay according to a previously described procedure [29] . The assay was made in triplicate. Curcumin was used as a positive control [29] . The IC 50 values were calculated from the graph that plotted the percent inhibition of amyloid aggregation versus the log of the sample concentration using GraphPad Prism 4.0 software.
AChE inhibition assay:
In the TLC bioassay, the crude extracts (50 mg/mL) and active compounds (20 mg/mL) were dissolved in suitable solvents. Each sample was applied to a silica gel G60 F 254 aluminum plate and developed with CH 2 Cl 2 for the hexane extract and active compounds, and with CH 2 Cl 2 -MeOH (90:10) for the CH 2 Cl 2 , EtOAc, and MeOH extracts. After developing, the activity was detected by spraying the substrate, dye and enzyme based on Ellman's protocol [35] . A microplate assay using the modified Ellman's coloric method, was established in 96-well plates [36, 37] . Galantamine was used as a positive control [35, 37] . The IC 50 was obtained from a graph plotting the percentage of AChE inhibition versus the sample concentration.
DPPH scavenging activity:
The TLC/DPPH and microplate assays were performed according to previously described methods [38] . The assay was made in triplicate, and Trolox was used as a positive control [39] . The IC 50 was obtained from a graph plotting the percent inhibition versus the sample concentration.
